Asparagus suaveolens is a medicinal plant used in Lesotho and South Africa to treat epilepsy and gonorrhea. The current investigation identifies the compound responsible for the antiepileptic and antimicrobial properties as palmitone which showed antigonorrhea activities against WHO 2008 Neisseria gonorrhea F and O strains more than the standard used, gentamicin. These results support the traditional use of A. suaveolens for treatment of gonorrhea and epilepsy since palmitone is known as an anticonvulsant agent. This is the first study indicating the presence of palmitone in the Asparagus genus and demonstrates the in vitro antigonorrhea activity of palmitone.
Gonorrhea is a common sexually transmitted disease that affects thousands of men and women annually, particularly in the US [7] . Although gonorrhea is easily treated, it can cause serious and sometimes permanent complications such as pelvic inflammatory disease in women and epididymitis and infertility in men [7] [8] [9] .
Regimens for the treatment of gonorrhea are progressively being based on oral and/or injectable expanded-spectrum third generation cephalosporins such as cefixime and ceftriaxone, but concerns have recently been expressed about their continuing efficacy [10] [11] [12] [13] [14] [15] . This situation, as well as the emergence of reduced susceptibility and resistance to azithromycin, has called for improved efforts for the control of gonococcal disease [12, 14, 15] .
In the effort to contribute to the control of gonococcal disease, we explored the antigonorrhea activity of the n-hexane, chloroform and n-butanol fractions of A. suaveolens aerial parts against WHO 2008 Neisseria gonorrhea strains [16] . In the current investigation, we are reporting the antigonorrhea activities of palmitone and of the nhexane fraction from which the former was isolated.
The results show that the n-hexane fraction is the most active and even more active for the F, O and P strains than the standards used. The n-hexane fraction was purified by chromatography to give one compound identified as palmitone (1) by comparing its 1 H, 13 NMR and mass spectra with the literature [17] . The presence of palmitone, known for its anticonvulsant activity, [17] justifies the use of A. sauveolens by traditional healers of the Basotho tribe in the Kingdom of Lesotho to treat epilepsy [18] .
The activities of palmitone and the n-hexane fraction were examined against eight N.gonorrhea WHO reference bacteria strains by the micro-dilution method [19] . These samples significantly inhibited the growth of two strains (F and O) among the eight strains tested more than the standards ( The Minimum Bactericidal Concentration (MBC) of palmitone was also measured ( Table 2) to evaluate its antibactericidal potential against the tested bacterial strains. It was discovered that palmitone is also bactericidal against the tested bacterial strains except for the O strain according to French [22] , who states that antibacterial agents are usually regarded as bactericidal if the MBC is no more than four times the MIC, i.e. MBC/MIC<4. In summary, palmitone isolated from n-hexane fraction was found to be responsible for the antigonorrhea activity of the n-hexane fraction of A. suaveolens.
Experimental

Plant:
The aerial parts of A. sauveolens were collected on the 6 th November 2013 as guided by Liu [23] at Bolahlakgomo village of Limpopo province, South Africa. The plant was botanically identified by the South African National Biodiversity Institute (SANBI) under the specimen number PREART 0001903 in the Pretoria's herbarium, Gauteng Province, South Africa. After collection, plant material was cut into small pieces and dried at room temperature for about two months. The dried plant material was pulverised to a fine powder which was kept in the dark until used.
Microorganisms:
The microorganisms used were donated by the National Health Laboratories Services (NHLS) in Johannesburg-South Africa. The strains used were eight WHO Neisseria gonorrhoeae strains comprising the 2008 WHO reference strain panel [20] . The 2008 WHO panel strains represent the important susceptible and resistant phenotypes and the range of resistances currently seen for the antimicrobials recommended in different guidelines and/or used in the gonorrhoea treatment globally [20] .
Extraction and isolation:
Bio-guided isolation was used to isolate antibacterial compounds from the n-hexane fraction of the ethanolic extract from aerial parts of A. suaveolens by using column chromatography. The powdered aerial parts (500g) was macerated at room temperature in 5000 mL of ethanol (ratio of 1:10) for 24 hours on a shaker (Labotec 262, South Africa) at 150 rpm. The process was repeated 3 times using the same volume of fresh ethanol solvent with the same material. The mixture was allowed to settle before being filtered using Whiteman filter paper No. 1. The solvent was evaporated with a rotary evaporator under reduced pressure at 20 to 40 o C. The mixture of solvent and extract was transferred to a tared beaker and evaporated to dryness. The ethanol extract was subjected to liquid-liquid extraction using three organic solvents (n-hexane, chloroform and n-butanol) to get 4.7g, 2.7g and 4.3g fractions, respectively. These samples were examined for their antigonorrhea activities [16] . Since n-hexane fraction showed more activity than the others [16] , it was subjected to a column chromatography (CC) using silica gel eluted with n-hexane and 10% dichloromethane which led to the isolation of palmitone 1 (2.5mg) (Figure 1) identified by comparing its NMR data and MS with the reported values [17] . The isolated compound was characterized using Bruker-400 for 1 H and 13 C-NMR; PerkinElmer Spectrum 100 FT-IR Spectrometer with Universal ATR Sampling Accessory, Shimadzu GCMS-QP2010SE for mass. All data correspond with those in the literature [17] .
Antibacterial activity (MIC determination):
Antibacterial activity was assessed using the micro-dilution method as described by Eloff [19] with slight modification. One hundred microliters (100µL) of Mueller Hinton broth was pipetted into each well of the 96-well plate. Thereafter, 100µL of fraction solution (n-hexane, chloroform or n-butanol) (125mg/mL) was added to first wells followed by a twofold serial dilution. Forty microliters (40µL) of an overnight bacterial suspension grown on New York City plate (GC-agar) was added to each well. The microtitre plate was sealed, and then aerobically incubated for 18 to 24 hours at 35 to 37 0 C in the presence of 5 to 10 % of CO 2 . After incubation, 40 µL of piodonitrotetrazolium chloride (INT) (0.2mg/mL) was added to each well, and then the plate was further incubated for about 40 minutes to 1 hour under similar conditions. Gentamicin and Amoxicillin solutions were used as positive controls. Bacterial growth was determined by looking at the plates and results were recorded as growth or no growth. Wells which showed pink color signified the bacterial growth, but those displayed yellow color or colorless wells signified no bacterial growth. The MIC was recorded as the lowest concentration that did not give the visible bacteria growth. Since the activity of an antibacterial agent depends on its concentration, the MIC of A. suaveolens n-hexane fraction and palmitone were determined.
Antibacterial activity test (MBC determination):
The MBC of palmitone involved the same bacterial strain as MIC test; the experiment was conducted using the protocol suggested by Bär [24] with slight modifications. Hundred microliter (100µL) of Mueller Hinton broth was introduced into each well, thereafter 100 µL of nhexane, chloroform or n-butanol fraction solution with the same concentration (125mg/mL) was pipetted into first wells, followed by a two-fold serial dilution before 40µL of the 24 hours old grown bacterial suspension grown on New York City plate (GC-agar) were added in each well. The microtitre plate was incubated for 24 hours. Thereafter, 40µL was pipetted from each well and spotted on the solid medium nutrient agar. The disks were incubated at the same condition as the microtitre plates. The MBC was considered as the higher concentration that did not show visible bacterial growth on the agar medium.
